Object. Intracranial abscess is a very infrequent complication of sinusitis among children. Case series, mostly small and focusing on surgical treatment, have appeared in the literature, but there has been no study on the epidemiology of this condition, nor has there been any large-scale study on the intensity of therapy or outcomes.
pidural abscess, subdural empyema, and cerebral abscess are infrequent but threatening complications of sinusitis. These conditions have not been the object of any epidemiological studies. Because individual surgeons accumulate limited personal experience with this disorder and because there is wide variation from case to case in terms of the volume and distribution of intracranial pus, many practical management decisions are left to clinical judgment largely unsupported by useful evidence. Evolving patterns of antibiotic sensitivity among offending bacteria add additional uncertainty. The current study was undertaken to assess the population-based burden of this condition, the spectrum of its severity, and the intensity of neurosurgical care required for its management. Such data may provide guidance in the design of prospective, cooperative, clinical trials.
Methods
The data for this study were derived from the HCUP of the Agency for Healthcare Research and Quality. The KID is a compilation of deidentified discharge data from a stratified sample of all hospital discharges of patients in the pediatric age range from community, nonrehabilitation hospitals in the US. Each KID includes roughly 10% of all discharges of uncomplicated in-hospital live births and roughly 80% of discharges of complicated births and other pediatric cases from each sampled hospital. Weights are provided for the discharges to permit estimation of incidences in the entire universe of American Hospital Association institutions. The NIS is a compilation of data from a roughly 20% sample of hospital discharges of patients of all ages. Likewise, weights are provided for estimation of national incidences. This study used the KIDs for 1997, 2000, 2003, and 2006 and the NIS for 2001 in various combinations as specified. Population data for the calculation of national admission rates were taken from the US Census. 55 Cases were identified on the basis of ICD-9-CM codes. Sinogenic intracranial abscesses were defined by the coincident recording of codes 324.0 or 324.9 for intracranial abscess and codes 461 or 473 (including 4-and 5-digit subcodes) for acute and chronic sinusitis. Otogenic intracranial abscesses were defined by the coincident codes of 324.0 or 324.9 and 383 (including 4-and 5-digit subcodes) for mastoiditis. Cases coded for both sinusitis and mastoiditis were included arbitrarily in the sinogenic group. Coding for otitis was discounted in the definition of otogenic cases because of its high and nonspecific prevalence as an intercurrent illness in the pediatric population.
The HCUP utilizes ICD-9-CM codes for surgical procedures. Neurosurgical procedures were defined by codes 01.0 through 02.92. Requirement for mechanical ventilation was defined by codes 96.7 through 96.72.
Epidemiological analysis was conducted using the KIDs for 1997, 2000, 2003, and 2006. The KID for 1997 included discharges of patients from birth through 17 years of age. The later KIDs included cases from birth through 20 years of age. Discharges were weighted to estimate national incidences and to perform comparisons with national census data. For some comparisons within the KID data collection process, weighted discharges of uncomplicated in-hospital births were used as control groups. Because of small numbers of otogenic cases, epidemiological analysis was limited to sinogenic intracranial abscesses. To preserve the deidentification of its data, the HCUP requires investigators not to report tabulated data with values < 10 in a cell.
The data sets were manipulated and analyzed using SPSS 17.0. Epidemiological analysis was based on national estimates from weighted discharges. Clinical analysis was based on unweighted discharge data. In the epidemiological analysis, statistical hypothesis testing was not undertaken for estimates of population-based incidences because the HCUP has not developed code for SPSS for the calculation of variances and confidence intervals. All statistical tests in the clinical analysis were 2-sided except as indicated. Multivariate analysis was performed via logistic regression using the forward likelihood ratio method with variables demonstrated to have significant associations in univariate analysis. The p values are presented.
This research was classified as exempt from review by the Nemours Delaware Institutional Review Board.
Results

Epidemiological Factors
Estimated annual rates of admission for sinogenic intracranial abscess are presented in Table 1 for all 4 years of available KID data. These estimates were calculated from the discharge weights provided in the KID and from data from the US Census. The rates of admission ranged from 2.74 to 4.38 per million children per year. Nine percent of weighted admissions for sinogenic intracranial abscess ended in transfers to other acute care facilities. In principle, an unknown fraction of these transfers may have been counted twice-both at the hospital of original admission and at the receiving hospital following transfer. Double counting may therefore have inflated estimated admission rates to a small degree in relation to actual incidences of the condition.
Patient sex was a clear risk factor for the development of sinogenic intracranial abscesses. The male/female ratio varied between 2.0:1 and 3.8:1 in the 4 years of KID data.
Race was a clear risk factor as well. Black children were disproportionately affected. Relative risk calculations based on census data for racial groups in the US population for 2000, 2003, and 2006 are presented in Table 2 . Note that appropriate control census data were not readily accessible for 1997.
Two metrics of economic status are available within the KID. Based on home zip code, the KID assigns each discharge to a quartile of the distribution of all zip codes in the US ranked by median household income. Weighted cases of sinogenic intracranial abscesses were distributed almost perfectly uniformly among the 4 quartiles (data not shown). The KID also identifies primary and secondary payers for each discharge. As a control group for weighted cases of sinogenic abscess, weighted discharges after uncomplicated live births were analyzed. The distribution of weighted discharges among the categories of primary payer was very similar for sinogenic intracranial abscesses and uncomplicated live births for all 4 years of available KID data (data not shown). There was no evidence that economic status was a risk factor for the development of sinogenic intracranial abscess.
Clinical Data
Eight hundred forty-seven admissions for intracranial abscess associated with sinusitis were analyzed. Six hundred ninety-five were classified as sinogenic and 152 as otogenic, as defined above. Patient age on admission for the entire study group is presented in Fig. 1 . The modal age was 12 years, and generally the age-specific incidence seemed to peak in early adolescence. There was a clear seasonal pattern in the incidence of sinogenic intracranial abscess, but no pattern was obvious for oto- genic cases (Fig. 2) . Other demographic and clinical data are presented in Table 3 . Patients with sinogenic infection tended to be older. Male predominance was more pronounced for sinogenic admissions. Black children constituted a much larger fraction of sinogenic admissions than otogenic. Sinogenic admissions tended to entail more coded procedures than otogenic, and this trend was even more pronounced for neurosurgical procedures. Duration of stay was similar for sinogenic and otogenic admissions. The overall in-hospital mortality rate was 2% (15 of 847 patients). There were no deaths among the otogenic admissions, and a larger fraction of otogenic admissions ended in discharge directly to home. Because of the physiological and immunological continuity of the nasal airway, the nasal sinuses, and the tracheobronchial tree, the prevalence of asthma in the study group was analyzed. 2 Among the 847 admissions for intracranial abscess associated with sinusitis, 62 records (7.3%) were coded for asthma as well. Sinogenic and otogenic abscesses were associated with asthma in 8.2% and 3.3% of admissions, respectively (p = 0.039, Fisher exact test). The prevalence of asthma among black children was higher than in other racial groups, but this trend did not reach significance (data not shown; p = 0.124, Pearson chi-square). To place these observations in some context, from the 2000 KID, the prevalences of asthma among admissions for appendicitis and femur fracture were calculated to be 3.4% and 3.3%, respectively. The prevalence of asthma among admissions for sinogenic intracranial abscess in the 2000 KID was 8.3%. Assuming a background asthma prevalence of 3.3%, which also happened to be the prevalence of asthma among cases of otogenic intracranial abscess in the study group, the prevalence of asthma among admissions for sinogenic intracranial abscess in the 2000 KID is markedly elevated (p < 0.0005, binomial test, 1-tailed). Thus, asthma seems to be a risk factor for the development of sinogenic, but not otogenic, intracranial abscess.
The number of neurosurgical procedures required during each admission is presented in Fig. 3 . One-third of admissions (281 [33%] of 847) involved no neurosurgical procedure. To estimate the fraction of actual cases that involved no neurosurgical procedure, some allowance must be made for transfers and the possibility of double counting transferred patients: 80 admissions ended in transfer to another short-term facility, and 59 of these admissions involved no neurosurgical procedure. If all 59 of these transfers were necessitated by the absence of neurosurgical services at the sending facility, if all 59 patients underwent neurosurgical procedures at the receiving facility, and if none of the 59 transfers happened to be double-counted as admissions at the receiving institutions in the KID data sets, a lower limit on the fraction of cases not requiring neurosurgical intervention might be estimated by eliminating these cases from the numerator: (281 -59)/847 = 26%.
If, however, some of the transfers were double counted as admissions at the receiving institutions, then these patients were represented twice in the denominator, as well in the numerator. Subtracting such cases from the denominator increases the value of the fraction, so 26% is a lower limit to the possible range of values for the fraction of cases not requiring neurosurgical intervention. Thus, at least a quarter of cases represented in the study group seem to have been treated without neurosurgical procedures.
Given that such a significant minority of cases seemed to have been managed without neurosurgical intervention, further characterization of these cases was attempted. For this analysis, admissions that ended in transfer to another acute care facility were filtered, because in theses cases the performance of a neurosurgical procedure was most likely determined by the availability of services at the initial admitting hospital rather than by any feature of the case itself. In a binary comparison, nonneurosurgical management was strongly associated with white race (p = 0.016, was strongly associated with the number of neurosurgical procedures (p < 0.0005, Mann-Whitney U-test).
The only outcome metrics available in the KID and NIS data sets are discharge disposition and LOS. Inspection of the data suggested that many admissions with the shortest LOSs ended in transfers to other acute care hospitals, probably for services such as neurosurgery that were not available at the sending hospital. To work around the confounding effects of early transfers, a "favorable" disposition was defined as a discharge to home, without or with home health services. All other dispositions were "unfavorable." Early transfers exerted a similar confounding effect on LOS; thus, for purposes of outcome analysis, discharges with LOSs in the fourth quartile (> 15 days) were defined as "long."
Data regarding discharge disposition are presented in Table 4 . Patients with unfavorable dispositions were slightly older than those with favorable dispositions. Discharge disposition was unrelated to patient sex. Black children experienced slightly higher rates of unfavorable disposition. Payer and median income of home zip code were unrelated to discharge disposition. Asthma comorbidity was unrelated to disposition. Calendar year of admission was unrelated to disposition (data not shown; p = 0.081, Somers' D test). Unfavorable disposition was strongly associated with larger numbers of neurosurgical procedures and with the requirement for mechanical ventilation. On multivariate analysis by multiple logistic regression, the number of neurosurgical procedures (p < 0.0005), requirement for mechanical ventilation (p < 0.0005), and patient race (p = 0.033) retained significance, whereas patient age and sino-or otogenic etiology did not. Excluding the number of neurosurgical procedures and the requirement for mechanical ventilation, which were characteristics of the hospital course, patient age (p = 0.015) and race (p = 0.032) retained significance.
Because transfer to another short-term facility may reflect barriers to access to definitive care, this disposition was analyzed further. There was no association between transfer to another short-term facility and race (p = 0.716), payer (p = 0.456), or median income of home zip code (p = 0.073), according to Pearson chi-square testing.
Data regarding LOS are presented in Table 5 . A long LOS was unrelated to patient age or sex, but white children were underrepresented among discharges with a long LOS. Medicaid was overrepresented, and commercial payers were underrepresented among discharges with a long LOS. Race and payer were strongly linked, given that commercial insurance is much more prevalent among white children than other groups (data not shown; p < 0.0005, Pearson chi-square). The median income of home zip code was unrelated to LOS, as were asthma comorbidity and calendar year of admission (data not shown; p = 0.1, Somers' D test). Not surprisingly, a long LOS was associated with larger numbers of neurosurgical procedures and the requirement for mechanical ventilation. On multivariate analysis the requirement for mechanical ventilation (p < 0.0005), number of neurosurgical procedures (p < 0.0005), and payer (p < 0.0005) retained significance, whereas race and sino-or otogenic etiology did not. Excluding the number of neurosurgical procedures and the requirement for mechanical ventilation, only payer (p < 0.0005) retained significance.
The small number of deaths, 15 cases among 847, does not permit precise statistical characterization. As noted previously, there were no deaths among the otogenic cases. There was no association with patient sex (p = 0.293, Pearson chi-square), race (p = 0.671), payer (p = 0.305), median income of home zip code (p = 0.661), or asthma comorbidity (p = 0.272). In dichotomized analyses there was no association between death and white race (p = 1.00, Fisher exact test) or highest quartile median income of home zip code (p = 0.541). The median age of patients who died was 14 years compared with 13 years among survivors, but this difference was not significant (p = 0.104, Mann-Whitney U-test). The median LOS for admissions that ended in death was shorter at 4 days than the median LOS for admissions of survivors, which was 9 days (p = 0.037, Mann-Whitney U-test). There was no significant difference in numbers of neurosurgical procedures (p = 0.206, Mann-Whitney U-test).
Discussion
The limitations of administrative databases for purposes of clinical research are widely recognized and are exemplified in the current study. The ICD-9-CM codes used for case definition in this study do not distinguish among several very different clinical entities: epidural abscess, subdural empyema, brain abscess, and the so-called subdural effusion that complicates meningitis in infancy. The restrictive definition of "otogenic" cases, based on codes for mastoiditis, may have passed over abscesses that developed from otitis without mastoiditis. There were no data describing the severity of the illness at presentation. There were no bacteriological data. The codes for neurosurgical procedures from the ICD-9-CM are notoriously nonspecific: Salient to the surgical management of intracranial abscesses is the blindness of ICD-9-CM coding to the distinction between bur holes and craniotomies. There were no data describing functional outcomes.
Nevertheless, the current study of intracranial abscess complicating sinusitis presents a qualitative picture of this clinical entity, some details of which have not been appreciated before. The incidence of this condition seems to peak in early adolescence. It affects boys much more commonly than girls, and it affects black children out of proportion to their presence in the general population. Sinogenic cases have a marked seasonal pattern, peaking in winter, although no such pattern is evident for otogenic cases. Similarly, sinogenic cases have an association with asthma not shared with otogenic cases. Sinogenic cases tend to require more intensive therapy, as measured by numbers of procedures, and there is a trend toward less favorable discharge dispositions. White patients are treated without neurosurgical intervention more frequently. Older patients and black patients are less likely to be discharged directly to home. Patients with the longest hospital admissions tend to have Medicaid as their primary payer.
Descriptions of various epidemiological and clinical features of intracranial suppuration complicating sinusitis among children can be found in numerous small, insti- tution-based case series. 1, [25] [26] [27] [28] [29] 31, [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [48] [49] [50] [51] [52] [53] [54] [56] [57] [58] [59] [60] Many of these reports are inhomogeneous with respect to etiology, including infectious collections related to community-acquired meningitis, congenital heart disease, trauma, and previous surgery. Many reports limited to complications of sinusitis include orbital cellulitis, dural sinus thrombophlebitis, and meningitis, which were not considered in the current study. Data in the present study confirm the predominance of male patients observed in previous work and the predominant affliction of adolescents and young adults. 3, 14, 16, 20, 31, 34, 42, 45, 49 Contemporary literature has described low mortality rates as well, although not generally as low as in the current study. 13, 15, 29, 31, 37, 42, 44, 53 The disproportionate representation of black children among patients with intracranial suppurative complications of sinusitis has received comment as well. 20 Notable are the substantial contributions to the literature on this topic from centers in Africa. 16, 30, 31, 38, 46, 47 From the era before CT, Glasauer and associates 16 documented 44 cases of subdural empyema from what was in 1978 the University of Rhodesia. Twenty-four patients appeared to have sinogenic infections. A peak incidence in the 2nd decade of life was noted in comparison with the age distribution of the region's population of the region. The authors commented on the higher ratio of subdural to intracerebral abscesses in Africa compared with those in Western centers. In 1999 Singh and associates 47 from the Department of Otolaryngology, University of Natal, South Africa, described 219 patients, of whom 197 had various intracranial abscesses and 22 had meningitis. As in the current study, the modal age was in the 11-to 15-year range.
Orbital infection was present in 41% of cases. Despite a policy of draining pus within 12 hours of patient admission, the mortality rates were 45% for meningitis, 19% for brain abscess, and 11% for subdural empyema. There were no deaths among patients with isolated epidural abscesses. Survival correlated with level of responsiveness at presentation. From the Department of Neurosurgery at the same institution, Nathoo and associates 32 reported 699 cases of supratentorial subdural empyema. Four hundred sixty-nine cases were sinogenic, and 64 were otogenic. As in other series, male patients in their 2nd and 3rd decades predominated, and there was a peak disease incidence in winter that did not attain significance in the authors' statistical analysis. The mortality rate was 12.2%. Over the 15 years of this study, the institutional practice evolved from multiple bur holes to large osteoplastic craniotomies, which the authors believed gave much better ac- cess to tenacious pus more widely distributed than preoperative imaging typically suggested. In a companion paper Nathoo and associates 31 presented 82 patients with epidural abscesses, 69 of whom had sinogenic etiologies. There was only 1 death in that series. Eleven patients were treated without draining intracranial pus; 6 were cared for as outpatients. The authors concluded that epidural abscess is a condition that ought to be manageable without morbidity or death. 31 English-language reports from India have described subdural empyema in childhood to be predominantly otogenic in origin and very often infratentorial in location. 5, 27, 39, 43, 56, 61 Whether this interesting regional pattern of disease reflects phenotypic variation or environmental factors has not been explored.
The only previous population-based study of sinogenic intracranial abscesses was conducted in Scotland. Nunez 33 undertook a retrospective search of Scottish Health Service records for the years 1976-1985 supplemented by searches of departmental records at the 4 Scottish neurosurgical centers. Twenty-three cases were reviewed; 12 patients were in the first 2 decades of life. The paper is not clear about the completeness of the search, and the author did not estimate regional annual incidences. Aside from this report, there seem to have been no previous attempts to estimate the incidence of intracranial abscess complicating sinusitis. The admission rate for such cases in the US during the period of the current study was low, between 2.74 and 4.38 cases per million children per year, and the actual incidence may be slightly lower. During this decade the US population in the 0-20 years of age range was roughly 85 million, and there were very roughly 200 full-time pediatric neurosurgeons. Even if all cases had reached pediatric neurosurgeons, each surgeon would have been consulted for < 2 cases per year.
The substantial body of retrospective literature on this topic has articulated, but left unresolved, a number of practical questions. In the office management of sinusitis, are there measures that can reduce the risk of its very uncommon intracranial complications? 24 Are there anatomical, physiological, or immunological factors that place patients with sinusitis at particular risk? Can guidelines be developed for early imaging detection of intracranial suppuration before the appearance of overt neurological symptoms and signs? What is the optimal sequence and timing of drainage procedures? In which cases, if any, can draining be effectively accomplished via bur holes, and which patients require craniotomy? In view of the very low annual incidence estimated in the current study, prospective clinical research must cast a wide net for a long period of time to capture cases in numbers sufficient to establish an evidentiary basis for answers.
Conclusions
The analysis of administrative data sets has yielded a descriptive picture of intracranial abscess complicating sinusitis among children, but the very low incidence of this condition impedes prospective clinical research directed at practical management issues.
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